Several lines of evidence suggest that genetic variation in MUC5AC gene might contribute to the risk of gastric cancer. We conducted a case-control study to evaluate the relationship between common genetic variations in MUC5AC gene and non-cardia gastric cancer using an LD-based tagSNP approach in Baotou, north-western China. We genotyped 12 tagSNPs by TaqMan method among 288 cases with non-cardia gastric cancer and 281 normal controls. Unconditional logistic regression was used to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for non-cardia gastric cancer risk in association with alleles, genotypes and haplotypes. We observed that the frequencies of rs3793964 C allele and rs11040869 A allele were significantly lower in cases than in controls. Meanwhile, minor allele homozygotes of rs3793964 and rs11040869 were significantly associated with a decreased risk of non-cardia gastric cancer when compared with their major allele homozygotes. Furthermore, a statistically significantly protective effect of rs885454 genotypes on non-cardia gastric cancer was also observed (for CT vs. CC: OR=0.581, 95%CI=0.408-0.829; for CT/TT vs. CC: OR=0.623, 95%CI=0.451-0.884). Our results indicated that some common genetic variations in the MUC5AC gene might have effects on the risk of non-cardia gastric cancer in our studied population.
Introduction
Gastric cancer remains the fourth most common cancer and the second leading cause of cancer-related mortality worldwide (Guggenheim et al., 2013) . Although the exact etiology of gastric cancer remains to be identified, accumulating studies have shown that gastric carcinogenesis is a complex, multistep and multifactorial process involving genetic factors and environmental triggers (Pan et al., 2013) . According to anatomic site, gastric cancer can be classified as cardia and non-cardia subtypes. It is now generally accepted that Helicobacter pylori (H. pylori) infection is the single most important risk factor in the development of non-cardia gastric cancer (Peek and Blaser, 2002; Compare et al., 2010) . However, most infected individuals do not develop gastric cancer (Abnet et al., 2010) , suggesting H. pylori infection is insufficient to cause gastric cancer, other cofactors, especially host genetic factors may play a significant role in gastric carcinogenesis.
Upon infection, H. pylori primarily resides within the mucus layer, adhering to mucins, high molecular weight glycoproteins and major components of the protective layer across the upper mucous surfaces (Peek and (Babu et al., 2006; Wang and Fang, 2006) . Several published investigations have strongly suggested that MUC5AC forms the major receptor for H. pylori in the human stomach (Van de Bovenkamp et al., 2003; Lindén et al., 2008) , and the infection of H. pylori can alter the expression of MUC5AC (Kocer et al., 2004) . Some studies have shown that MUC5AC is aberrantly expressed in gastric cancer (Reis et al., 1997; Xu et al., 2009; İlhan et al., 2010) . Given the importance and the potential biological mechanism of MUC5AC, it is conceivable that genetic variation in MUC5AC gene may play an important role in the development and progression of gastric cancer. However, there are few data on the association of polymorphisms in MUC5AC gene with gastric cancer in Chinese population.
To clarify the potential role of genetic variation in MUC5AC gene with respect to gastric cancer risk, we conducted a case-control study to investigate the association between MUC5AC polymorphisms and non-cardia gastric cancer risk using tagSNP approach in north-western Chinese Han population.
Materials and Methods

Subjects
Details of the study subjects have been described elsewhere (Zhang et al., 2013) . Briefly, all patients with histopathologically confirmed incident non-cardia gastric cancer were consecutively recruited between June 2008 and December 2010 at the cancer hospital of Baotou. Patients with metastasized cancer from other organs and having previous radiotherapy or chemotherapy were excluded. The controls, frequency-matched to the cases on age (±5 years) and sex, were cancer-free individuals randomly selected from a community health examination program in Baotou during the same period the patients were recruited. The selection criteria for the controls included no individual history of cancer, and no identifiable gastric disease or genetic disease. All subjects were unrelated ethnic Han Chinese from Baotou, Inner Mongolian Autonomous Region, north-western China. At recruitment, informed consent was obtained from each subject, and the study was approved by the institutional review board of Baotou Medical College.
Selection of tagSNPs
For the selection of tagSNPs, we used HapMap Phase 2 information for Chinese Han population (http:// www.hapmap.org). TagSNPs were selected using Tagger algorithm as implemented in Haploview. The region analyzed included 20 kb upstream of the first exon and 10 kb downstream of the termination of the last exon. Parameters used for tagSNP selection were minor allele frequency (MAF) ≥0.05 in Chinese Han population, and r 2 >0.8 between each pair of tagged and tagging SNPs (pairwise tagging). The final selection comprised 14 SNPs.
Genotyping
Genomic DNA was isolated and purified from leucocytes of peripheral blood by standard proteinase K digestion and phenol/chloroform extraction. TagSNPs were genotyped by the TaqMan allelic discrimination according to manufacturer's instructions (Applied Biosystems, Foster City, CA, USA). And the genotyping was performed at Chinese national human genome center, Beijing. From the 14 SNPs initially selected, 2 were excluded because of assay design or genotyping failure. The genotyping rates of other tested SNPs were all above 96%. For quality control purpose, two negative experimental controls (water) and two positive experimental controls with known genotype were included in each reaction plate. In addition, about 5% of the samples were randomly selected and genotyped twice, and the results were 100% concordant.
Statistical analysis
All statistical analyses were conducted by SPSS software version 16.0 (SPSS Inc., Chicago, IL, USA). The student's t-and χ 2 test were used to evaluate differences in the distributions of age and sex between cases and controls, respectively. Hardy-Weinberg equilibrium was tested by a goodness-of-fit χ 2 test. Haplotypes were constructed based on the LD blocks derived from the Haploview 4.0 program. Unconditional logistic regression was used to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for non-cardia gastric cancer risk with alleles, genotypes and haplotypes. Results are presented without correction for multiple testing to avoid the loss of valuable information due to the limited number of subjects.
Results
This study consisted of 281 controls and 288 cases. Age and gender distributions were comparable between the two groups. The demographic of subjects are shown in Table 1 (Zhang et al., 2013) .
The genotype frequencies of all SNPs followed HardyWeinberg equilibrium in controls. Allelic frequencies of all SNPs in both controls and cases are summarized in Table  2 . The frequencies of rs3793964 C allele and rs11040869 A allele were significantly lower in cases than in controls (adjusted OR=0.863, 95%CI=0.766-0.971 for rs3793964 C allele; adjusted OR=0.876, 95%CI=0.768-0.998 for rs11040869 A allele).
Of the 12 tested tagSNPs, minor allele homozygotes of rs3793964 and rs11040869 were significantly associated with a decreased risk of non-cardia gastric cancer when compared with their major allele homozygotes, with adjusted OR=0.529, 95%CI=0.320-0.875 for rs3793964 CC genotype, and adjusted OR=0.479, 95%CI=0.239-0.960 for rs11040869 AA genotype respectively. Meanwhile, a statistically significantly protective effect Sum of column did not add up to total study subjects because of missing data; b Adjusted for age and sex of rs885454 genotypes on non-cardia gastric cancer was observed (for CT vs CC: OR=0.581, 95%CI=0.408-0.829; for CT/TT vs CC: OR=0.623, 95%CI=0.451-0.884) ( Table  3) .
Based on the LD data in our study, 12 tagSNPs formed 3 blocks and several singletons. No significant association between any haplotypes and non-cardia gastric cancer risk was observed (Table 4) .
Discussion
Mucins, high molecular weight glycoproteins, are major components of the mucous viscous gel, covering and protecting surface epithelial tissues (Babu et al., 2006) . High levels of secreted mucin MUC5AC have been detected in the surface epithelium of normal gastric mucosa (Babu et al., 2006; Wang and Fang, 2006) . MUC5AC has long been implicated in the pathogenesis of gastric carcinogenesis. Thus, decreased expression of MUC5AC is a common feature in gastric cancer (İlhan et al., 2010) . MUC5AC gene is located on chromosome 11p11.5 (Pigny et al., 1996) , a region frequently exhibiting loss of heterozygosity in gastric cancer (Baffa et al., 1996; Moskaluk and Rumpel, 1998) . SNPs in MUC5AC gene are associated with the risk of gastric cancer in Caucasian (Jia et al., 2010) . However, whether or not MUC5AC polymorphisms affect the susceptibility to gastric cancer in Chinese population has not been reported. So in this study, we utilized available HapMap data and employed an LD-based tagSNP approach to survey common variations in MUC5AC gene, and to analyze their relationship with the non-cardia gastric cancer risk. The major novel findings are that several SNPs in MUC5AC gene might be protective regarding the risk of non-cardia gastric cancer. To our best knowledge, this is the first case-control study to investigate the relationship between common genetic variations in MUC5AC gene and non-cardia gastric cancer risk in Chinese population.
To date, one population-based case-control study has been conducted to investigate the association between polymorphisms in MUC5AC gene and gastric cancer risk by a comprehensive LD-based tagSNP approach in Polish population. The results indicated that minor allele homozygotes of rs2014486, rs2735733, and rs868903 were significantly associated with an increased risk of gastric cancer as well as non-cardia gastric cancer (Jia et al., 2010) , which is contrary with our results. In our study, except for SNP rs7105198, the allele frequencies of other SNPs in controls were all similar to the data from HapMap Chinese Han population. And we found that minor allele homozygotes of rs3793964 and rs11040869, as well as heterozygote of rs885454 had a protective effect on noncardia gastric cancer risk. SNPs associated with the risk of non-cardia gastric cancer in both studies are all located in 3' flanking region of MUC5AC gene, the discrepancies may be due to differences in variant frequencies between different races. And other study also showed genetic polymorphisms could have different risk associations with gastric cancer according to ethnicity (Loh et al., 2009) . Similarly, since we used a tagSNP genotyping strategy, our results do not inform on the nature of functional variants responsible for the observed associations. It is likely that the causative variants are in strong LD with the genotyped and significant ones. The exact nature of the functional alterations associated with each tagSNP will require further exploration.
Gastric cancer includes non-cardia gastric and cardia gastric carcinoma. Two subtypes have differences in the etiology, pathology, carcinogenesis, and prognosis (Shi et al., 2011) . So we restricted our cases to patients with non-cardia gastric cancer to supply relatively more homogeneous samples and improve the power of association study.
Some limitations in our study need to be noted. First, the cases in our study were selected from one hospital and controls were recruited from communities, which may not be representative of the general population and have selection bias. Second, failure in the genotyping of two of the selected tagSNPs has reduced the coverage of the genetic variability, limiting our ability to test genewide associations. Third, H. pylori infection is a wellknown cause of non-cardia gastric cancer and has been suggested to influence the expression of MUC5AC (Kocer et al., 2004) . However, it is difficult to measure H. pylori infection in gastric cancer patients because the loss of H. pylori from the stomach and reduced immune response occurs during gastric carcinogenesis (Karnes et al., 1991; Farinati et al., 1993) . Lack of available information on H. pylori infection status in our study limited us to adjust the potential confounding bias of this risk factor. Finally, we thought it was important to show all possible results for future studies, and therefore did not correct for multiple testing. So it cannot be ruled out that several of our results were false positives.
In conclusion, our data indicated that common genetic variations in MUC5AC gene might be associated with a decreased risk of non-cardia gastric cancer in northwestern Chinese Han population. Our finding further highlights the importance of MUC5AC gene in gastric cancer risk. Further studies are needed to clarify the mechanisms underlying the observed associations.
